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PREFACE

Te meet an urgent ware-need, the "Catalog of Anti-Jamming Nethods
and Devices” was originated and prepared on Sevtember, 1945 ty The Working
Committes on Anti-Jamming of the Joint Countermeasures Committee. At the
oonclusion of World War II, the Working Committee became inactive shortly
after submission of this "Catalog" to the Joint Countermeasures Committee,
The A-J Committee in recommendations contained in the minutes of the final
meoting (JX/CM 55/9 dated 15 Sevtember 1945) pointed out that “anti-jamming
for each typs of radio wave device be made the responsibility of the ap-
propiate committes of the Joint Communications Board",

Numerous requests from servioe project engineers and contractors
for radars directed to the Naval Research liboratory have indicated the
need for publication and dissemination of the "Catalog", Therefore, in re-
sponse to a letter from NRL (S67-7(1131), 1100-266/46, dated 22 July 1946),
publication of the Catalog by the Naval Research laboratory was conourred in
bty the Joint Countermeasures Committee (Joint Chiefs of Staff, JX/CNM letter
to WAL, dated 21 August 1946).

The present "Catalog" (JA/R 81) has been reviewed and placed in
final form for publication by the Naval Research laboratory. Requests for
oovies may be directed to:

The Director
Naval Research laboratory
Washington 20, D.C,




QO IDENTIAL

‘FOREWORD

_ The military requirements of any new radar system must now take into
acocount all typee of enemy countermeasures which might be ueed against
it, Jamming must be exneoted in any future operatione agalnet an enemy,
In World War II, proteotion against enemy jamming often wae saorificed
for other military requirements and in order to epeed up developmente
and get new and improved types of radars into the field, This wae
Justified in that the enemy countermeasures efforts did not seriously
affect the operating effioiency of most of our radar equipments, Thie
will certainly not be trus in the future, Anti-jamming muet take its
place with range, target discrimination, acouracy, eto., as a definite
military requirement,

Innumerable trick circuits anc "black boxes" were developed which
improved the performance of certain radars against several various
types of enemy countermeasures, The information on these devicese, for

- the moet part, was hichly olaesified anc did not receive sufficiently
wide disseminatiopn among those responsible for radar research, develop~
ment and production. In order to solve this problem, thics catalogue
was prepared. The purpose of this catalogue was to assemble in one
document a brief outline of all proven anti-jamming methods, It =as
intended that this catalogue would eerve as a handy reference for ell
who have need of enti-jamming information. It was not intended to
provide cvmplete information on any anti-jamming features, Hut merely
to serve as an index. References are given on each item, which should
be consulted before that item is included in any specifications for a
new radar equipment,

One of the principal difficultiss encountered in the inclusion of
anti-jamming in a new radar ir the setting up of test methods and
ouantitative specifications for the performanoce of these devices,

No attempt has been made in this catalopue to do this because of the
meny different types and applications of radars., The performance of

the anti-jamming features must necessarily depend on the characteristice
of the radar in which they are included. However, test methods and
performance data on the majority of anti-jamming deviges included in this
oatalogue will be founc in many of the references riven, A4lso, it is
expected that adequate specifications un anti-jamming performance can be
evolved from vulnerability tests of the developmental models of new radar

equipmente,

It is intended that this catalogue will be kept up to date, and ae new
anti-jamming circuite are developed, brief descriptions and references on
them will be made available to holders of this catalopue,

The Working Committes on Anti-Jamming
of the Joint Countermeasures Committee

September, 1945
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"4As Briaf Descriotion

The vulnerability of a radar to jamming will be greatly
reduced if due consideration is given to anti-jamming when the
general paraneters of the radar are chosen. Generally, cther
operational requirements may dictate a ocompromiss with the best
desifn from an A-J point of view,

Eapefite and Limitations

Gharacteristic Bapafits @ Linitations

a. Considerable AJ pro- a. More affected
teotion because of by atmospher-
difficulty in de- ics.
sigming very high
frequency jammers,

1. High Carrier Frequency

Effectivsness of
Window greatly re-
duced at very high
frequencies (X and
K band),

Simplifies antenna
design for very nar-
row beams,

b, Limited range

{particular~
1y K band),

High Pulse Recurrence

Frenuency

Increased jamming
power required for
effective jamming,

Increased radar
performancs,

Increased Jamming
power recuired for
effsctive jamminr,

More integration of p,

pulse energy for
visusl discrimina-

tion on the display.

Improved performance

with some types of
Doppler Devices.

Increased sise
and weight of
components,

Inoresased power
roquirod.

Limited by
range require-
mnents,

Sweep utilizes
a greater por-
tion of ths
pulse interval
hence mutual
interference
between adjacent
radars will be

greater.

SHigh prf will not have as great an effect as hish peak power in this regard,
3=
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Ghazacteristic Benefits Linitations

4. Short pulze length Increasred cefinition’ a. Wide band width
{ which is particularly required in re-
effective apainst ceiver increases

Window and other types design nroblems

of clutter, and makes apvli-

4 7 ocation of certain.
backbiasing AJ -
circuits consider-
‘ably more difficult,

5. Hirh Antenna Gain Increases the bean Increasec dif-
. pover hence in- ficulty of
crearés the power target acquisition,
required of e jam- " k :
mer for effective
Jammine,

Provider conciderable a. Requires larger
protection arainct ° entennas.
Jamming when o jamming

tranimitter ic lecated

off angle from the

tarcet,

Increares the recol-
ution of the rader
wrich red-.cec the
effectiveness of
Wincow,

Increase~ rader
rerformance,

6, Means for Chanrinc * Ot grently re~ &. More complex
Antenna Polcrication cuce nlane ellip=- i entenna dezim,
tienlly or circul-
arly nolarized
Jamning,

Can rreatly retuce
the effectivere:.
of certain tyyecs
of Viirdow,

Becomnendationss .

The '.irhect fre:uency compeatitle viih rerfornance renuirements
 ghould elw:yc be uced. o

The hLirhest peak power computitle with rpace, weirlt, anc upnly

power chouid Le ured.

A hirh pul:e recurrence frecuency shoulé he ure:, Hewever, in-

ereacsed terk power will e more valuable tlun incres.ed rri hence,

i€ tke cuiy cycle ir fixec, tre orf chnuls Le lcverec wii- a ccrre-

poncirs increare in neak nower,

-l
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6.

N

A very short pulse length (1/4 A6ec or less) is very valuable
against Window, and should be used whenever possible, However,
wide IF and video bandwidths are. then required which make the
inclusion of several other AJ circults extremely difficult, -
It is recommended that two pulse lengths be available, the first
very short, for use against window, and the second considerably
longer (1-2Mlsecs) which will require considerably narrower band
receiver components and which with the proper AJ circuits should
be used against transmisaion jemming, 4 single switch which
will choose either pulse length and its vorresponding band width
will be very valuable,

The highest antemna gain, compatible with the operational require-

_ments, and the size and weight of the entenna which can be tolerated,

should be used,

Means should be provided for changing the polarization of the antenna
in operation. If this is not practicable, provision shall be made to
permit change of polarization as a maintenance adjustment.

D. BRataxrences

1.' Radiation laboratory Report No, 72, -

3.

be

56
6.
7.

"The Power Necessary to Jam a Microwave Radar," J, L, lawson,
dated 24 March 1943, .

Radio Research laboratory Report No. RRL=44 .
®Notes on Power Reguired in Noise Jamming,"

NRL Confidential Report No, RA=3A 208A
*Mintmum Detectable Radar Sigmal and its Dependence upon
Parameters of Radar Systems", &. V. Laeff.

Aperiodic Pulse Timing Systems
Pat. Apl, Serisl No, 462,525; October 19, 1942
S. C. Light, Govt, Pat., Exch, Sheet 4-1208,

Radiation Leboratory Report 54-28, June 3, 1943 -

"Slide Rule for Microwave Antennas®,

Anti-Jamming comittee’ Div. 15’ N.D.R.cc
Minutes of Heeting No, 9’ Nov, 6’ 1943-

Patent Application No, 563,559, filed 15 Nov, 1944, L. A.
Meecham, B,T.L.; Govt, Pat, Exch,, N-788,

HRL Report "An AJ Measure for Use Apainst Circularly Pol-
ariged Jamming®, Division 15, No, 411-207, 20 June 1945.
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Irequancy Disversal -

. Be

c.

Frequency dispersal consicts of scattering the frequencies of S -
raénr cy-teme throughout the radar spectrum as widely as possihle, - ‘
and evnlier particulerly to ryrtems havins the came function, This
can Le obtained by opening up new bandz on widely cifferent frequencles
and by mckine each frequency band as wide as possible, In a more
1limited senre frequency disnerzcl can take the form of utilizing
existing frequency hande to the 1limit by meximum dispersal of rystems
in each hand and by utilizing eocuipments in every bend for any given

operetion,
£its o
Beneflts : Linitatiops )
Protectior arrinst window Eifh degree of 6oordlnation of . - .
and electronic jemming information required to fully L
because all sy-~tems ore utilize frecuency dispersel, ' O
not likely to be Jammed Increased meintenance ani spare :
rim)tonenurly, parte (system standerdization , . .
will reduce this difficulty, 1,e,, . : T
SR tvoe systems), . N .
Ergpertier

(a) Additional Requirementa,
1. Flexible systems helpful (See Item 1, No, 1),
2, Careful plamming of the radar situation before
' any operation,

fdded Space {acditiona) Spare parts)

Weipht None
. Power None

* (b) Operationsl Requirements,

1, Careful rlannine to utilize all possihilities I
of freaquency disverral available,

2, Selection of macnetrons or tunstle me:netrones
to ullov full dispersal on eac! hand,

Recommendations

(a) New frequency benis chould be exploited in the
development of new radar sgyrtems,

-6- . .. ‘ D)
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(b) Old m«;ucncy bands should be exploited to the
maximum by careful rsdar plaming,
(o) Standardization propress should be utilised to
simplity operation and maintenance of radar systems,
(d) The practiIoe of setting up all equipment of a given
type on one frequency should be avoided,
'8, Rafarsnoas .
(a) A, J. Practices Handbook = Paper A«l, o
. G e, i \:»“N ~.-=;!-'.:_ ol
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Brlef Desoription of Systems

Tunability and flexibility in radar systems may take a variety
of forms depending on the purpose of the equipment and on the eom-
plexity which can be afforded, Push-button multi-channel cperation,
dual~-channel operation, single control frequency change, and dual
or triple control frecuency chanre are examples, with various degreee
of complexity, of- how tunahility and flexibility may be attained,
There forms of tunine may be adapted to large frecquency chariges or
fmall frecuency changes, arain dependent on the size and complexity
allovatle, Broad-band antennas, broad-band plumbing, non-oritioal
circuits, automatiic frequency control, etc, are devices which aid
in obtaining tunability and flexibility,

Benafits and Limitations
Bepefits Ldpitationg
l, Reduction in vulnerabil- l, Additionmal complexity,
ity to electronic jamming 2, Additional development time,
2

snd mutual interference, .2, More weight and space.
2. Oan sometimes be used for 4, Possible reduction in normal

lokte £1lling 1f frequency performance,
chanres are sutomatic snd
rapid,

Eroperties of Iupsble Sveiens
(a) Additional Requirements,

l, Varies from multiple tranemitters, antennas and
mixers to easily tunable transmitters and reseivers
with broad=bend vlumhing,

" More stsble mechanical construction,
Addeds
Snace - 0=80 ou, ft,
Weirht « 0-2000 lbs,
Power -  0=8 kw,
Remarks on operation,
1, Push button channel selection would greatly reduce
the vulnerat:ility to electronic jamming; the reduc-

tion inoreases with the number of channele avail-
ahle and the frecuency snread hetveen channels,




2. 8ingle-control frequency change over a wide frequency
band would make a system practically invulnerable to
electronic jamming; over a smsll fyequency range it
would still greatly ameliorate difficulties with
jamming and would allow optimm opesration of receive

" er a=J cirocuits,

3. As the number of controls are increased the flexibie
1lity deoreases.

4., Even an sasily tunsble local oscillator can greatly
aid in the operation through jamming,

Recommendations

Every rader system should be designed with meximm flexibility and
tumadility (using a minisum of controls) oonsistant with the sise,

weight, purpose and operating limitations for that partieular equip~
sent, In all cases the state of the art on tunable and bdroad=band
components should be exploited.

Beferences
(a) A. J. Practices Panel Randbook - Paver A-1l, Ae2
(v) Development work at R.IL. on microwave equipments,

Development work at NRL on meter wave equipment,
Development work at FTZR on meter wave equipment,

Development work at RCA on meter wave equipment, o

S,

=
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A. Beief Descrintion of Funotions of Shislding

Eleotric and magnetic shielding is important in redar equipment

in order to prevent all unwanted electromagnetio fields from affect-
ing the receiving system. It is to be understood that filtering is
& form of shielding,

Shielding is partioculsrly important to eliminate or reduce:
1, Jamming at the intermediate frequency,

2, "Breakthrough" of radiation from nearbdy sources, such as
radars and other electrical devices.

Shielding is also an important factor in ensuring stability of

the radar set (see Item 5),

Notet The site of a radar set may be s0 chosen as to take ad-

_ wantage of the terrain to shield the radar from an undesiradle inter-
" ference,

Benefite and limpitetions
Depefits Iinitations

1,

Protection against 1, UNone,
pick-up of unwanted
sigmles,

Ixoperties
Additional requiremsents:

1, Design of the r=f section for maximus possible attematiom of
undesired frequencies,

2. Minimum i-f and video cabling,

3. Liberal filtering of leads,

_l.nrh on operationt ' "

Yone,

Recomssndatiocns
Although normal good design should provide shielding of suf-

ficiently high quality, thought should be given to the matter

of i-f pick-up, especially in sets which are kmowma t6 be subject %o

«10-
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such difficulties. Tests should include successful ocperetion with-
unawuuuuwnmmdm1mt
per meter at the intermediate frequency.

C, Rafersnces

1. AL Repert No, 471, "Shielding of Microwave Receivers Against
- Interference at Intermediate Frequencies”, Bruce Cork.

-11-
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- A+ JIriaf Description of Stebllity Requiremspts
: Circuit stability is important in both radar transmitter and
receiver, Lack of transmitter stability may result in mismstching of
the antenna, make re-tuning necessary during a oritical period, or
ocause false Doppler sffects in those equipments utilising MTI or
sintilar devices.

It is necessary that the entire receiver, and particulsrly the
"{=f amplifier be stable. A stable local oscillator and a reasonably
stable power supply are alsc necsssary. The stability of the i-f
amplifier is particularly important because jasming may increase the
{nstability to the point of oscillation, Backbias oirenits (see Item
12) should not decreass i-f amplifier circuit stability, Both erratie
and periodic loeal cscillator frequency variations should be kept small
in compariscn to the IF band width,

Bspefits apd Limitations

Denefits
1. Transmitter

a., Maintenance of tuning and initial
conditions,

b, Avoidance cf false Doppler effects.

i
;
;
¢
;
4
s
]
:
£
:

Receiver
a. Improved opveration in jemming,

be Receiver gain less dependent on
Jemming signal.,

¢. Constant bandwidth with gain,
loocal Oscillator
8, Retuning seldom required,

b, Nascessary for use with optimums
bandwidth eircuits,

6. An extremely stable local cscil-

lator must be available for use
with MTI,

Zroparties

Additional n_oquirnontn




1. Better shielding, better voltage regulation, and inereased
f1ltering. It may be necessary to use lower gain stages and
extra or larger components may be needed to get adequate decoup-
ling. A1l these refinements will depend on the degree of in-
stability that can be tolerated,

It 4s essential that the initial design of & radar set
stable operation, It should de pointed out that local oscillator
instadility s not as seriocus when a well protescted AFC oircuit is
employed, (See item 6) Tests of receiver stadili inelnde
tosts with jamming signals present, Changes in termperature aasd
humidity should have a very limited effect on eirocuit

References
1. AJ Practices Panel Reports B-7 "Stability Margin® ty I. H. Page.




A. DBrief Description of Circuits and Punctions

The most that one can accomplish in the way of AJ onoe the jam-
ming has been permitted to reach the indicator is to display the in-
formation in such a may as to maxinise the signmal visibility in
interference. Various display systems accentuate different character-
istics of the signal. The principal classss used ares

1, Deflection-modulated indiocation (such as "A®", *J%, "R* 6 gte,
2. Intensity-modulated display ("PPI*, "B gte.).

3. Aural Indioation. In this typs of indication a range gate is
made to encompass the echo, and the audio modulation derived
from ths signal is mede perceptible through ear-phones or other
suitable indicating devices., It is useful in obtaining propel-
ler modulation or Doppler indiecations,

.Meter Displays. In this type of display a simple indicator,
such as & meter, light, or bell, is actuated by the signal,

These displays can be set up and .uaod in a variety of ways:

(a) Expanded presentation. The range and/or asimuth is ex-
panded to permit easy signal visibility,

(b) Photographic projection. The displasy is photographed,
rapidly develoved, and projected on a screen.

(¢) PFlicker technique. Successive photographs or skiatron
imsges are projected for comparison, so that movement of
targets ocan be seen. ‘

Nulticolor sorsens., Scresns whose emitted color is de-

pendent upon the duration of excitation are now being
developed.

. Banefits epd Limttstions
Danefite daisations
Deflection-modulated ind‘cation
a. Wide effective dynamic range of
presentations hence less suscep-
tidble to jamming.

Can act as convenient test scope,

s




2, Intensity-modulated i{ndication
8, Well-asdapted to scanning systems,. a, limited dynemio
Trange.
3. Aural indication ,
8, Can be useful in detecting moving 8, Requires a "gate"
targets in olutter, because of on the target,
Doppler effects and propeller .
modulation,
4. Neter display
&, Simplest type of presentation. 8. Limited application,
b, FEasily jammed,
5. Expanded sweep
' &, Discrimination, which is especial- a, Restricted search
ly helpful in clutter, Window, and * volume,
the like,
- 6o Photographic projection
' 8, Increased time in which observer can a. Slight delay in
g scrutinise and judge the display. processing and pro-
Jeotion,
b. Parmanent record.
6. Advantagecus for large number of
observers,
7. TFlicker Technique
" a. Discrimination between moving tar- 8, Requires donble
goets and oclutter, display, with in-
creased complexity,
b. Otherwise, as for photographic
projections.
8. Multicolor screens
These are in experimental stage, and, at munt, an evalua-
tion cannot be made.
C. Recommendations
1. All radar sets should be provided with a deflection-modulated ose
oillescope, if possible,
2, Radar sets should be provided with expanded presentation where
. possible,
3

The use of other techniques should depend on the character and use

of particular radars.
~15-




D. Raferences
' Screen properties - ¥,B, Nottingham, RL Repars No. Sec. 6-4S,

1,

3.

4.
S

1/22/42

Prinoipal development on multicolor screens at Dumont Labors-
tories and G, E, Research laboratary.

Photographic Integration and Spread of Base Lines
Report PTR-7C, by T. T. Eaton and Irving Wolff,

RCA Techniocal

Flioker: Development work done in Fngland by TRE and ADRDE,

Aural indication: 23

RL Report No, 8-10,

NRL R.M '0. R‘:“l w ‘o 'o B“t’.u..
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A. [Exief Degoription

The mamual gain control is an arrangement for menually adjusting
the 1i-f gain during operation of the radar, In the presence of jame
ming, overload cen be larpely prevented by manipulation of a properly
designed gain control and the susceptibility to jamming greatly reduced.

This eontrol can be ussd during normal operation to set the
of the receiver to give optimun visibility of the target pips on the
radar indicatora. For strong signels it may be used to pravent over-
lond and to incremse definition. There are several types of gain oom-
trol with different ovsrload characteristics and dynamic range. It is
essential to consult reference (a) for details,

B. Denefitp and Linttations

Benefits . Linitetiocns
1. Alleviation of i-f and video over- 1. Extent of value 1s
load. : limited by the speed
with which the op-
2, Inoreased definition and discrimi- . erator oan properly
nation for large signels at expense . ., adjust device.

of weak signal visibility,

‘¢ In socanning radars,
if overload is pre-

* g vented in jammed
: sectors by gain re-
duction, in general

the visidbility of
weak signals in un-

Jammed sectors is

reduced,

O. [Ircuarties of Nenual Gein Cootrol and Alterpats Schewes
1, Additionmal Requirements: .
ng An operator's sontrol potentiometer,
b) Extra cabling, if receiver control is remote,
68) Decoupling networks for individusl controlled stages,
d) Biasing voltage with small power drain,
Added:
Space Extra weight varying with installation but

.Welight amounting to less than e pound in most ocases.
Power

2, Remarks on Operation: .
(a) Scamning limitation removed by using automatic back-bias scheme
. . 1 .




(see Ttem 12) but these cireuits cause differentiation of the
signals,

- (b) If the olutter pattern is approximately the same at all asi-
muths, STC (ses Item 15) 1s preferred over the manml gain con-
‘trol since it preserves maximmm sigmal mm.np; at all

ranges. ]
(e) In contrast to these alternate schemss, the manual eontrol, in
* general, requires but little addod eircuit eomplexity.

D. Recommendaticus.

A manual 4{=-f gain oontrol should be provided because of its AJ ade
vantages, even if not required for other reasons. It is essential that
the 1-f gain ocontrol have adequate range and satisfactory overlead
chareacteristios as discussed in Reference (a) delow,

E. References ;

(a) AJ Practices Panel Report: Paper B-4, "Gain Control Applicaticns®,
w n. s. O'h’..ﬂ. '

18-
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Automatioc Frequency Coptrol Proteqtion
Briaf Descriptiocn of Scheme snd Functiocn
Protection of the AFC is deeirable so that external sigmals can-

not oontrol the frequency of the local osecillator,

If an external

signal should detune the loocal osscillator, there would be a serious
fwpairment of radar visibility, and an increased J/3 ratio,

In the simplest form of AFC, the frequency difference between
the local oscillator and the transmitted signal is kept constant at

the intermediate frequency.

This is done by means of a frequenocy dise

oriminator, which furnishes correcting information either to the looal

oscillator or to the transmitter,
prevent external signals from taking control of the AFC oircuit,

Ordinarily no steps are taken to

Two

schenes are customarily used to protect against this eventuality,

1, A gate is derived from the transmitted pulse, which sensitises

the AFC channel only while the pulse is on.

Leakage power

through the TR box is used for AFC, Thus external signals are
virtually e¢liminated by either the gate or the attenuation through
the "fired® TR box,

A small amount of tranemitted signal power is coupled out from the

r-f transmission line to a separats AFC crystal miser,

The at~

tenuation through this coupling is ususlly more than 60 db, thus
virtually eliminating external eignal effects,

Bepefits and Linitations of Sohempe

Banefite

Eroverties of Two Such Scheges

1, Additional
Requirements:

1. Receiver modifioca-
tions and a pating
pulse. This pulse
my sometimes de tak-
on from the modulator
or synchroniser, If
not, it must be gen-
erated from & trigger,

20 ocubia inches
1 1b,
none

Linitstions

Pl

B._Double Nixer

1, Separate AFC
Mixer and ohannel
coupled to r-f line
through apnropriate
attenuator,

2, Additional LO
power,

3. Decoupling between
the two mixers,

20 gubie inches
1 1b,
10 w d=c; 2 wa-o




1. Ease and perssnance
of adjustment,

2. Svecial attention
must be paid to the
elimination of spurious
modes and harmonies.

Becommendations

1. "Hash® from trans-
mitted -ignd "gpike"
requires special oare
in the duun of the
gating pulse and in the
balance of the diserimi-
nator,

2. Special attention
must be paid to the
elimination of spurious
modes and harmonies,

Device for protecting AFC should be included in all radar sets.

E. Raferances
1. Gated AFCs

Development work largely done at Bell Telephone laboratories. See, -
for example, BTL Report No. 145, "Automatic Tuning Control Studies*

2. Doubdle Orystal Mixer:
Development work largely done at Radiation Laboratory.
Sse, for example, RL Report No, 687, "Some Automatic Frequency Con-

trol Cirocuits®,




A. " Brisf Descrioticn and Funoticn
The i-f bandwidth is the

interval over which an i-f

amplifier has an over-all gain not more than 3 db down from maximm,

The magnitude of the {-f bandwidth used in a receiver is a
factor in determining the signal-to-noise ratio, the degree of dis-

tortion
ooptibility to jamming.

mtmdhythopuludwiumpﬂn,mthon-

In choosing the i-f bandwidth, the objective usually is to ob-
tain as large a ratio of signal-to-noise as possible even though the
original shape of the pulse is somewhat distorted, This optimm
bandwidth is obtained by using a 3 db bandwidth of about 1.3 times the
reciprooal of the pulse width, In some cases, less distortion of the
pulses can be tolerated and a wider i-f bandwidth must be used, Naxi-
mum skirt selectivity should be used oconsistent with the pulu die- -

tortion which can be tolerated.

For most forms of jamming

an i-f bandwidth chosen fyom the pre-

oceding considerations will be satisfactory, although for partioular
types of jamming, a wider or narrower i-f bandwidth may give some im-

provement of visibility,

Narrower Bandwidth than Optimum

Denefits

(a) Increased "setting-on”
diffioculties for jammer,

(b) May be used as filter for
off=tune” jamming.

Wider Bandwidth than Optimum

BDenetits

(a) Improved visibility in
"railings® and clutter,

(b) Improved wisibility in

(a) Reduced signal vis-
© 4bility in receiver
noise.

(b) Reduced visidility
in "railings" and
clutter,

(c) Reduced visibility
in most forms of “"on-

tuned” ’.-1".

Linitaticas

(a) Reduced visibility
in receiver noise,

(b) Eases requirements




Fi and oclipped AN noise

pf ¥ids

Additional Requirements: In general, wide i-f bandwidths require
more tubes and/or circuit complexity,

D. Recommsndations

It 1s recommended that an i-f bandwidth equal to one~to-two times
the reciprooal of the radar pulse length be used, This consideration
may be modified by tuning stabdility and pulse shaping requirements,
Beoause of its value against clipped noise jamming and clutter, a wide
bendwidth should alse oce eonsidered. Whereever possidle a dual bande-
;ilgth IF should be rraovided, Suggested bandwidth wvaluss are 1/T and

Rafersuces

1. A, V, Haeff, Navy Report No, 134,

2. A, M, Stone, RL Report No, 708, .
3. NRL Rgport R-2508 "Some Fundamentals of nu-:'u Recsiver Oir-

ocuite®,




4. Rxisf Descrivtion

The video bandwidth is defined as the frequency interval over
which a video amplifier has an over-all gain not more than 3 db'dom
from the maximum,

. Other oconsiderations than AJ requirements require a good low-
frequency resvonse and hence the high-frequency 3 db point is es-
sentially equal to the video bandwidth, . The proper shaping of the
video response curve is dictated by the transient response required,
Note that in some cases very poor low-frequency response is intentio-
nally introduced by an FIC (see Item 1) and here special considera~
tions apply.

Design Conpiderations

In the presence of jamming, a large video btandwidth is desirable,
Jamming which is not exactly in tune with the radar frequency beats
with the pulse and muoh of the pulse energy is near a equal
to the difference between radar and jamming frequencies, If this dif-
ference is greater than the high-frequency cut-off of the video ampli-
fier, a loss in pulse gain will result. This loss in signal response

1s pot scocompanied by a corresponding decrease in noise and hence there
is a real loss in discernibility.

Eroperties of Wide Video

1., Additiomal ]
Requirements: (a) May require: (1) added exity in
. video coupling oircuits; (2) added tubes;
depending on bandwidth desired,
Added
:."3; (a) Depends oa oircuit requiresents,
> ¥
Power {b) Added bandwidth can often be obtained
simply bty appropriate peaking. The amount
of peaking that can be effectively used de-
pends upon the requirements on transient
response.

(o) 8t111 wider bandwidths may require larger or
additional tubes and power.

2, Remarks on Operation: None
Rasossendations
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video Dandwidth equal to twice the full IF tandwidth up to the third
detector. (See Item 17.)

B. Refarences

1,

2,

AJ Practices Panel Report: Paper B-3 "Video Bandwidth Considers-
tions® J. L, hﬂm, c. N 1111'06, and A, L, Gardner,

Faval Research labore Reports: (a) R=2392 "Report on In-
vestigation of Anti-Jam ivers for Search Radar®; (b) R-2508
"Some Fundamentals of Anti-Jam Receiver Circuite®.




A.

I
Linesrity
Brief Descrintion
"A linear receiving system is one shose output voltage is directly
proportional to the input voltage., Linearity is mot achieved if a
square-law second detector is used, or i1f i1-f or video overload oocours.

If a square=law detector is used, the introduction of e-w jesmming oan
inorease the noise output enough to saturate the videc amplifier,

Banefits and Limitations

Bansfite Limitations
1. EBssentially constant noise level 1. Unless very narrow beam
as a function of o~w jamming in- widths are used, a
put, linear system may be
less accurate than a
2. Minimisation of angular errors nonlinear systea when
in the presence of off-target tracking targets in the
Jamming. absence of jamming.
This 1limitation can be
.3, Helps prevent intensity modulated avoided if a linear sys-
indicators from satureating or tem i followed by &

blooking out in jasmed sectors, nonlinear video. An FIC

S8y
from the effects of o-w
Seamming,

Ixoperties

In relatively low frequency fire-control radars, which employ rather
wide lobes, the use ¢f alinear detector results in someshat less di-
rectional sensitivity than is obtained from a square-law detector, if a
1inear video is used, The extra directional sensitivity may be cbtained
by using & nonlinear video amplifier following the linear detector,

Use of video filtering to reduce the effect of jamming modulation
requires additional ocomponents, Filtering arrangements will vary from a
simple short time-constant coupling that is desirable for other ressocns
to a selection of filters cccupying considerable space and adding
several pounds to the wight,

Recompendatione

A linear i-f amplifier and second detector are recomsended for all
redar equipments, A video filter, such as the FIC (see Item 14), is
necessary to remove the effects of jamming as much as possidble., This
ocombination msy be followed by a linear video, or if desired for sensi-
tivity in tracking, by & nonlinear video. (Refer to Item 18)
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1, AJ Practices Panel Report: No, B-5, "Linear Vs. Square-law
Deteotion”, by I. H, Pege.

2, Additional Referencest (a) "A/J Practice for Fire-Control Radar
", RRL Technical Memorandum,

Systems
411-TM=-87, 23 Narch 1944, by H. O,
Anger

(b) "A Study of the Vulnerability of the
Radars NMark 3 and Mark { to Enemy
Electronic Countermeasures”, NRL Report
RA 3A 2174, 30 October 1944, by
H, L, Flowers,

(e) "A Study of the Syatem Vulnerability of
the Radar Mark 12 to Klectronic Jamming®,
MRL Report RA 3L 220A, 1 December 1944,
by L, W, Sessions and A, J, Stecca,

(d) Naval Research Laboratory Reports:

R=2456 "Standard Test Proocedure for A«J
Receivers" —~ :

R=2507 "Development of Nark 12 Anti<Jam
Receiver®, X

R-2508 "Some Fundamentals of Anti-Jamming

Receiver Circuits”,




A,

1:£ Overload - Backbiasing
Brist Descrivtion of Schemes and Puncticne -

Most forms of jamming and clutter are strong enough to reduce sig-
nal visibility by overloading some portiom of the rece o YVideo
overload can be alleviated by the FIC (see Item 14) and DBB (wee
Item 15). However, specisl precautions should be taken the
i{-f amplifier, insofar as possible withou’ the use of a mamml gaia eon-
trocl. Several methods, or combimations of methods should be used,

1. High level tubes in the last one or two i-f stages: e.g. 6A07's 1n
place of 6AC7'e, etc.

2. Backbias, This is a rapid acting degenerative cirecuit which re-
duoes the gain of the stages contrelled as the output inoreases,
This reduces i-f saturation and thus helps to preserve pulse gain.
There are two general claeses of backbias oircuits, nomamplified and
amplified, The latter is frequently called an instantaneous auto-
mtic gain control, IAGC, It generates a bias voltage by rectify-
ing and amplifying the output voltage of the controlled stage o
stages. The unamplified backbias oirocuit ocmits the amplifier stage,

Depefits and Lisitations of Various Schemes

sgh
|

Bapatits ' Lixitations
1. High Level Tubes
a. Increased overload protection. a, Effective only ageinst

CW, both unmodulated
and modulated at a low
frequency, and then
:cly 1f followed by

b. HNot effective in reduec-
ing video saturation in

clutter,
2, I-f Backblas
a, Prostection apainst i-f over- a, It differentiates sig-
load, g mls, giving a false
appearance of discrim-
b. Under ocertain design conditions inaticn in solid land
it may be used to protect clutter (see note on
against videc saturation. rre).
¢, Effective i-f baokblas is required b, Amplified backbias re-
foroﬁimportmofﬂcnnd' quiree a somewhat crit-
DBB circuits. ical design required te¢

make a stable, offective
oircuit within JAN spec-




O. Properties of Various Schemes

" Additional

Requirementss
1, Larger Tubes

2. Additiomal i-f

stability.

Slight
Slight

6 wmatts d-¢
per tabe.

1, Satisfactory
only sgainst ow
jamming and
only if fellow-
eod by FTC,

2, Not neces-
sary if ade-
quats backbias
eircuits are
uaed. '

D. Recommendations
I-f overload protsction should be included in all ground and ship

radars.

1fioation limits,

{a) High Level (b) Upampli- (c) Amplified
Iybes Lied Backbisg Backbiss

1. Additicnal 1, A deudle
i-f stages. triode per

2, Shorter time loop pro-
constants can tected,
be used than 2. Switch and
with amplie- relay.
fied buck= 3, Additicml
bias schemes., {-f stability.

(each loop)

12 cubic inches
0.5 lb.

3 w decy

2 w a-c,

12 cubic inches
0.5 1b,
2 w d-0
2 v .-0.

1. Satisfactory against both CW
and cluttsr, if fcllowed by FTC.
2. Amplified backbias more
satisfactory, sspecially sgainst
cloud and sea cluttsr,

3, Only the amplified backdias
is satisfactory for use with DEB,

It should alse be included in such airborne search radars where

added requirements are not a bar, particularly where visibility in sea and
1and clutter must be maintained,

Beferences
A Practices Panel Reportss Nea. Be2, B=O-i, BeOebh, B=Geg,
Principal development work on 1AGC &t 1. ..l Research laberstery and

1.
2,

3.

4
5.
6.

at Radiation ladoratory.
"Antielutter circuits for AEWY,

Ses, for exampls, RL Report Ne. 8-52,

NMRL Report R-2392 "Report on Investigation of Anti-Jam Receivers for

Search Radar",

ML Report R-2456 "Standard Test Procedurs for AJ Reocsivers®.
NRL Report R-2507 "Development of Mark 12 Anti-Jam Receiver®. .
MRL Raport R-2508 "Some Fundewentals of Anti-Jam Receiver Oircuite®,
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High Pass

Elinination of low and medium

Very beneficial against all
types of off-frequency jam=
ming as it will pess ths
heterodyne oomponents of the
Jemming and echo signmals while
rejecting the fundamental jam-
ning sigml,

Improves resolution against
olutter.

Nay be of very simple design
and still be effective,

Band Pass

inst § sodulated at
"both lew ::?ﬁu frequensies,
oan appreciable reduce jam-to-
sigoal ratio.

Can be effective against marrow
band barrege jamming.

Echo distortion
which results ia
slight reange errors.
For accurate reang-

ing, renge compen=-
sation must be used,
Under cortain ocon-
diticne filter my

ring caueing ml~
tiple indications,

1nss in signal visi-~
bility when used
ageinet very high

frequency modulated
3 amuing,

Tasertion loss in
video amplifier,

Loss of sigmal-to-

‘noise ratio if im-

propevlyweed.

Greatly lowers resc~
lvtion beocsuse of
pulss distortion,

Must be wariable or
saveral d4ifferen’
pass bande ynst bs
availabls to He af-
fectiva,




More complex filter
design,

Insertion loss in
video amplifier,

Low Pass

a. Removes high frequency jamming Pulse distortion
modulation oomponent, . which slightly
lowers resolution
b, Nay be of very simple design and and range acourscy.
still be effective. :
Insertion loss in

video amplifier,
Iroparties of Video Filters

Added Requirements

1. Additional components including switching system, video delay line

(for range error compensation), possibly added video stages to
oompensate ior filter insertion loss.

2. Added space, wight, and power requirements: These are usually
slight but are dspendent upon specifio radar charscteristies and
the choice and number of filters.

Ramarks op Operstion
1. Normally the only control is a selector switch,

2, Perforsance is improved through uss of an echo rectifier (Item 17)°
and a tunable transmitter system (Item 3),

D. Recopmendations

1. A high pass video filter, or FIC (Item 14) should be inoluled in all
radar equipments,

2. Additiomal filtering should be considered if space, weight, and
operational oomplexity permit.

3. In order that video filters be fully effective, it is recommended
that they be incorporated in a radar system having a transmitter

rapidly tunable over & marrow range, an overload protected IF l.nli-
fier, and an echo reotifier.

BRaferences

"AJ Praotioce for Fire-Control Radar Systems", RRL Technical Nemo~
rendum, 411-TM-87, 23 Narch 1944, by H, 0. Anger.

NRL conf 1tr C-867-5/RCM(398:1SWF) to BuOrd, Code Reif, Problem
0=73T=C, "Type CAOS=50-AKY IF to Video Converter, Operatiomal amd

-30-




Systems Teste", dated 26 August 1944,
ML Report R-2507 "Development of Mark 12 Anti-Jam Receiver”,

ML Report R-2508 "Some Fundamentals of Anti-Jamming Receiver
Cireuits”.




The fast time constant oircuit, called FTC, is placed between the
second deteotor and first video stage of a radar receiver. It con-
sists of a differentiating circuit whose time constant is of the order
of magnitude of the pulse length. This olrcuit is effectively a high
pass filter and thus aids in removing CW, or CW modulated at low fre-
quencies, from the suoceeding video stages. It can also be used to
advantage in ameliorating the effecte of cloud and sea return, but op=-
erates best for this service in conjunction with other devices. (See
Items 13 and 15.) . :

DBenefits end Linitations of the Scheme

Ranalits Aixmitations

1. Effective reduction of video over- 1, Loss in signal visi-
loed in the presendce of CW, un- bility is less than
modulated or modulated at a low 1 db even when long
frequenoy, sweeps are used,

Improved operation in the presence Beocause of the dif=-

of clutter and possibly Window when ferentiation, long

protected by a good i-f backbilas, blocks of signals are
roken up. However,
the relative ampli-
tulles of individual
signals are not pre-
served,

G. Propertiss of the FIG sod of Altarvate Schess

Notest 1. 8ince the DBB oircuit is designed to perform some similar
funotions, see Item 15 for a discussion of the relative ade
vantages of the two oircuits,

2. Complicated differentiating oircuits can be devised, bBut for
most purposes the simple RC or IR oircuits suffioce,

Additionsl
Requirenents: 1, A ewitch and relay.

Added
Space $ ocubic iaches
Wolght 0.2 b,
Power 1l wd-o

Remarks on . .
Operations The RC circuits are superior to the IR e¢ire
cuits because of a shorter recovery time pos-
sible in a pragtionl case. However, IR oire
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ouits have the advantage of lower insertion loss
or sharper low frequency cut-off,

D. Reccsmandations
The FTC should be included in all radar sets,

E. References
1, AJ Practices Panel Report: No, B-lebd,

2, Prinoipal development work done at Naval Research Leboratory and
Radiation laboratory, See, for example, RL Report No. 3-52,
"Anticlutter Circuits for AEWTY,

3, NRL Report R-2392 "Report on Investigation of Anti-Jam Receivers
for Search Radar®,

4. NRL Report R-2508 "Some Pundamentals of Anti-Jam Receiver Oircuite",
8, NRL Report R=2530 "AJ Video Filters for the Raday Mark 12 Receiver®,




The detector balanced bias (DBB) is s circuit which is partien-
larly useful in ccnjunction with IAGC (see Item 12) for reducing the
loss in radar visidility due tec cloud and sea return, and vhich may
be useful in reducing the effectivensss of Window jamming, It ope-
rates in the following way. The second detector in the receiver is
blased by the DBB circuit in such a way that the aygrage detector out-
put remains approximately ccnstant, regardless of input. signal ampli-
tudes. This is accomplished by rectifying the output i-f voltage, de-
laying and amplifying it to establish the bias voltage. The response
of the receiver to discrete signals is essentially unchanged by the
eircuit acticn, while videc saturation due to blooks of signals is
practically eliminated,

B. Danefits and Limitations of the Scheme

Benefite . Linitstions

1, Improved visibility in the presence 1. Useful only in radar
of cloud and sea return and pos= sets equipped with
sidbly Window, satisfactory {-f back-

bias circuits,
2. Short shadows after

large signals, (Not an

appreciable inorease
over the shadows with
proper IAGC alone)

C. Pronertiss of the DEB and of Alternate Scheme

1., . Additional
Requirenents:

Spaee

2. Remarks on
Operationt

{s) DB p)_rre
1. Switeh and relay. 1. Switch and relay.
2. Two diodes and & 2. An effective 1-2
triode. backbias,
3. D.ll.y 1line.
4. An effective i-f
baockbias,
=
30 eudic inches S sudie ineches
1 1v, 0.2 1b,
6 w d-03 3 wa-c, 1 w d~e.

Better contrast on long sweeps than WO,
Better performance ina eloud return than F10,
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g N 3. DBB is not ae effective as PTC in the
: ‘- presence of c-w jamming, either ummodulated
or ndul‘td.
4o Critical adjustments of DBB are necemsary to
meet JAN specifications,
5. In the prosence of sea clutter, the :ffect-
iveness of either of these é¢ircuits is im-
proved when preceded by STC (Item 15-2) in
addition to ths required i-f backbias,
6. The simltanecus use of FIC and DBB is not
recommended,
7. The DBB should not displace FTC from a
receiver,

c " D. BRegowmsndaticns

. The DBB should be used in sll radar ssts where the clutter from sea
and ocloud return warrants ths added complexity, bui when included it
should be used only in conjunction with IAGC. Its operation in the
presence of sea return is improved, if STC (see Item 15-2) is aveilable.
It 1s pot a replacemsnt for FIC in all cases.

B. Raferences

1, Principsl development work done at Radiation Laboratory., See, for
example, RL Report No, S-52, "Anticlutier Circuits for AEW®,

2. Minutes Meeting No. 12 Anti-Jamming Committee of Division 15,
%.D.R.C. on 5 June 1945,
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Fo. 15 (oont) 8pecial Antiglutter Circuits - 2, ﬁlﬁiﬂi’ Time Comtrol,

A. PBrief Description of Device and Funoticn

The sensitivity time control (STC) oireuit is useful in reducing
video saturation due to ses, and possibly land, return, Consideradly
enhanced effectiveness is achieved by the combined use of STC with IAGC
(see Item 12), followed by either FIC (see Item 14) or DEB (see Item
15-1). The STC operates in the following way: a time-dependent voltage
1s generated which is used to control the receiver gain., The attempt
is made to choose this time dependence in such a way as to maintain the
receiver gain at its most useful value at all ranges. Some STC eircuits
are ocombined with the manual gain eontrol in such a way as to super-
impose the desired STC waveform on the manmal gain voltage,

B. Denefite and Limitations of the Device

Benefits Limitations

1., Improved visibility in ese, and 1. Useful in reducing satur-
possidly land clutter, for most ation only by that compon-
presentations, ont of the olutter that is

common to all asimutheg
thus not generally useful
in storms and Window,
Critiocal adjustments to
achieve satisfactory re=-
llllf-l.

Misadjustments may cause
impaired rether than im~
proved visibility,

1.

An initiating pulse, such as & trigger.
Usually at least one additional tubde,
Switeh ¢ relay to render the STC imopere-
tive as desired.

Panel oontrols for waveforam adjustment,

perhaps 2 w d-03 2 W a-e,

2. Remarks n‘ ,
Operation: Applieable to nearly all redar gets.
2. Can be added as small modificatiom kit,

The 5TC should de included in all radar sets where the possidle im~
nt in visibility through sea and land olutter warrents the added
operational complexity, It should be used principally in oonjunction with
TAGC and either FIC or DBB, .
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E. Baferences
. Development work done largely at Naval Research ladoratory and
at Radiation lLadoratory.
8ee, for example, RL book "Theory and Practice of Pulsed Circuits®,

by Donald G, Fink; Chap. VI,
Boo RL Report No, 8-52, "Anticlutter Circuits for AEW",

Minutes Mesting No. 13 Anti-Jamming co-utu of Divigion 13,
N.D.R.C. on 5 June 1945,




A. JBrief Descrivtion of Schege and Fupction

NTI, "moving target indication” is an attachment to radar sets
which differentiates between targets of high and low radisl velocities,
in particular between aircraft and most forms of clutte? such as land,

sea, storm, and Window echoes.

Its opsration dspsnds on the fact that

moving targets cause a change in the phase of echo pulses, and that the
rate of change of this phase is proportional tc the target veloecity.
In simplest form the transmitted pulse ie sent ont always in fixed

phase with the ecarrier, and then split 1‘:1:0 two video channels,
first delaye the echo & pulss repstition' in

The delayed pulse is inverted in phase and added
to ths following pulse in the other channel.

agoustic delay line,

The
terval by means of an

Slow moving targete do

not change phase markedly from pules tc pulse and thus are virtually
cancelled. Rapidly moving targets, however, do change phass from pulse
t0 pulse sufficiently to suffer 1ittle cancellation,

Benefits apd Limitetions of the Scheme

Ranefits

1, Improved visibility of 1,
moving targets in oclutter,

Ilgranuntn possible are:
(a) Move than 30 &b for
land clutter.

(b) 20-30 db for normal
Window,

(¢) 10-30 db for storm
olutter.

(4) Probably 10-30 db for
sea clutter,

Zroverties of WII

1.
2,

Lisitations

There are certain "blind" radial
speeds (including sero) at which
the target visibility is serious-
1y reduced. This reduction may
be in excess of 30 db,

Average loss in vieibility of aire
eraft at all speeds is about 3 db,

¥ot applioable to automatic trecke
ing sets of certain types.

Nsw nonsaturating receiver,
Stable loeal oscillator,
Coherent c-w carrier,

Acoustic dslay line, amplifiers,
and ocancellation circuite.

perhaps 10 cubic feet
perhaps 400 1be,
perhaps 800 wmtts.

g;n be prepared as a modification
Boe;uu of pulse to pulse cancel-
lation, even a small jitter in the
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pulse repetition frequency
cannot be tolerated, Thus a :
spark gap modulator 1s not satis~
faotory. '

D. Rascemendations

Serious consideration should be given to inclusion of MI'T on all
ground and ship radars, Airborne sets may find it profitable to use NFI
when their principal function is aircraft search,

B. Rafersnces

1., Development work done at Radiation laboratory:
Sees, for example, RL Report No. 481, "The Detection of Noving
Targets among Ground Clutter by Coherent Pulse Methods®,
RL Report No, {81, "The Observation of RF Phase in Pulse Radar®,
RL Report No. 562, "A Moving Target Selector Using Deflection
Nodulation on a Storage Mosaio",

Naval Research Laboratory Report R-2{80, "A Survey of Anticlutter
Devices for Nawval Use", .




A. JBrief Desorivtion of Scheme apd Functiocn

The suocessful operation of many A-J devices depends upon a 4if-
ferenocs in frequency or phase in the r=f frequency cf the desired and
undesired signals, The "beat-frequency" oomponents of the phase dif-
ferenoce components form the basis for intelligence, This informeation
1s, however, a distorted signal (sinuscidal) differing in appearance

. from the original unipole signal., The echo rectifisr (or third detector)
simply rectifies the two-sided video signal and, with the aid of filters,
reshapes the signal to produce & unipole pulse. Specific circuitry em=
ployed are of the conventional half-wave, full-wave rectifier circuits,
or simply a sero grid bias amplifier,

Bepefits and Limsitations
Bepefits Linitations

1, Reforms composite hetero- 1, Increases pulse width of
dyne vidsc signmals to. resultant signal over
useable shape. normal pulse with a

possible reduction in

2, Reduces bandwidth requirements normal ranging acoureocy,
of video stages following the
scho-reotifier,

3. Increases signal disorimination
in presentation system under
Jamning oonditionms,

"4 Allows operation of some automatic’
eirocuits,

Proverties of the Echo-Rectifier (or 3rd Detector)

1, Additional '
Requirements: 1, Effective video filters and FIC,
. 2., Separate video channel from
normal,
3. For singls detector, (half wmave),
a single diode, g
4. PFor doubls detector (full wave),
diodes and paraphese amplifier,

l.gnm.m:s_e:t Double Detector
eubic inches 2 oubie inches

0.5 1b, 1.0 1b,

1. Applicable to all redar sets using
video filters,
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2. Mm- no separate oontrol other than
switoh operating the separate a-j channel,

Recommendetions
The eocho rectifier is reocommended for all redars .-ploying video

£11ters or other means which pass only the heterodyne (or difference)

signal,

References

1. Rad. Lad, hv Liaison Office seor. ltr. F‘Z‘5. “7’5. Ser.
00778/3 dated 12 July 1944 to BuShips, Code 920-D1 "High Pass
Filter with Echo Rectification”.

2. MNRL seor. 1tr. Report 8-567-5/RCM(399F1JAW), Serial No. 5426, to
BuOrd., Reif, "Radar = Fire Cont''ol, Interim Report on Problem
S=-578R-S, 'Adaptation of the Type CAOS=30AEY IF to Video Converter
to the Radar Mk 12°'%,

3. ML Revort "Some Fundamentals of Anti-Jamming Receiver Circuits®,




"In

pue- BT
Lire Contrel Radar Svstens

pwll, most anti-jamming devices described in this catalogue can be

applied to fire ccntrol radars. However, bscause they employ speoial lobing
techniques and methods of presentaticn, such systems are more susceptible to
many types of jamming. This specizl section discusses the various AJ design
features and devices from the fire centrel radar point of view,

The antenna system of a fire contrel radar is designed to fure
nish position information in either two or four quadrents. The type
of scan tc be employed ususlly. is based on the military requirements,
and this in turn determines the chcice of polarity, beamwidths, gain
and frequency., For most systems it is desirable that the plane of
polarisation be fixed tc avoid tracking inaccurscies resulting from
frequency sensitive parts of the target as well as changes in inter-
ference vattern. GCood antenna design should be used throughout so
that the lobing or scanning action does not "pull® the transmitter
frequency, The antenna pattern must not change with transmitter fre-
quency, This requires the use cf couponontl having btroad-band fre-
quency characteristics,

Bepefits and Limitations

Design Benefits Limitsticns

1, Sharp Beams (a) High tracking ae- (a) Increased
curacy and resclu- diffioculty in
tion. High degree target aoqui-

ef discrimination sition,
apgainst off-target ’
Jamming and Window,

2. Proper comprom= (a) Eliminates need for (a) Possidle de=

ise between ant,

non=linear element

-42.

orease in maxi-

lobe pattern and for accuracy in mum range for
arossover point angle tracking. angle traok-
between lobes for ing.
lobing radars, Reduces requirements-
for extreme linear
dynamic reange in re-
ceiver circuits,
3. Varisble lobing Pretection against (a) Added sise and
rate. "Poter" tyve fam- weight, oontrol
ming and rotating unit and possi-
reflectors, bly rotating
machinery,




4. Lobing in receive (a) Aesures non-detec- (a) Added complexity
only, tion of lodbing rete of antenna
) . by enemy. system.

(b) Added sise and
weight to an~-
temna,

(a) Lowered linear - (a) Requires two or
dynamic range re- more IF strips
quirements for of stable phaes
angle tracking. and sevarate

signal channels.

(b) Protection againet

"Angle Jamming" such

as "P.t‘r".

C. Snecial Rocogmendations
Sharp beams with steep elopes at the orocesover point should be
- chosen for all lobe-switched radare. The use of simultaneocus lobing

in receive only should provide adequate a~j protection from the
standpoint of antenna system design.

Baferences
1, NRL Report RA 3A 2224, "Accurate Angle Trecking by Radar”, dated

28 Dec 1944, by R. M. Page,

2, FRL Report RA 3A 217A, dated 30 Oct 1944, "Study of the Vulnera-
bility of Radars ¥k 3 and Mk 4 to Enemy Eleotronic Coupnter-
measures”,

3. MRL Report RA 3A 2204, dated 1 Dec 1944, "Study of System Vule
nerability of Radar Mk 12 to Electronio Jamming",

II. Irenmmitter .

A. JBrief Degcription apd Munctiop

The effecte of many types of jamming can be graatly reduced by
a=] features in the tranemitter and modulator,

B. Bensfits and Limitations

Desin Benefite | Limitations

1. Tunability - (a) Provides high a~} (a) None except for
single control vroteotion when used design 4Aiffy-
coupled to re- with a orotected culties provide
oeiver. automatic frequency ing va%tern of

control receiver, antenna system
does nct change
with frequency.




QONPIDRETIAL
2. High ot (above
1000 p.p.l.)

3, Jittered pxt,

NRL Report RA 34 2214, "An Apericdic Range Delay Cireuit®,

(a) Better fire comtrol
{nformation,

(a) Provides protection
against "Leopard®,
"Peter”, and ro-
tating rorhcton
deception devices.

4 Dec 1944 by A, M, King,
WRL Report RA 34 224A, dated 7 Dec 1944, "A Jitterbtug Pulse

Generator®,
III. Ragelver

(a) None except where
more than two
systems at a
given location
osuse more inter-
ference.

(a) Requires con-
sideradly more
ocomplex oireuite
ry and additio-
nal components

such as stable

aperiodic range,
sweep and timing
oircuits, eto,

dated

The receiver of a fire control radar must have adequate incremental

gain linearity,

A. Renefits and Limitaticns

Desizn
IF Band-pass
cheracteristiocs
(%). 1.’” “

2
(Steep skirts)

Dapefits

() For BW & 2/7 high
range acouracy for
normal operation.

(b) Meximum pulse energy
for S/ and S/J oon=
sideration,

(s) Approaches optimum a=j
operation when using
videc filters.

(a) Difficult de~
sig for very
short pulse
lengths used
in fire con=-
trol radars,

(a) Provides amplication of (a) Difficult
pulse intelligence oar- video stage de-
rying "beat® components, sign for very

. short pulse

lengths used
in fire control
"m..

Video Band-pass
characteristiocs.
(BY ¢ 2xIF band-
width up to echo
rectifier,)

(See Item 17)

Beoause of dife
ferentiation,
angle errors

Puneti ion of
() Sraas'het rtemnat” @

o
T « RC @ pulse
h;gﬂl.. low jamming levels to

bl




reduce angle errors ex- mey result when
isting in the heterodyne tracking target
f£ilter technique, elightly greate
er in rangs than
Also see discussion on dnother signal
FTC, Item 14, or block of sig-
nals (ae clut-,
ter). Requires
use of clipper,

See 1tem 14 on
rrc,

Incremental gain (s) Provides angle sc~ (a) Less sensitivity’
linearity, (IF curacy during off- in angle tracke
and Video.) target jamming. ing,
(Linear deteot-
ors.) (b) Provides more ac-

curascy in normal

(un-jammed condition)

tracking.

Echo Rectifier (a) Allows overation of (a) Increased pulse
(3rd Detector) some automatic oirouits, width of resule
’ tant eignal
) . ' thereby reduo-
' ing range ace
curaoy.

Baok-bias {a) Provides A-J protec- (a) Rate of action
(IAGC Non- tion of linear char- must be reduced
amplified type acteristics needed for so that angle
using cathode de- fire oontrol, information is
neration,) availeble.
See Item 12) . : Thie nacessarily
' limits the
utility of this
device for F.C,
applicatione,

| /94 (a) Improved aoquisition (a) Angle informa-
(Aural Atds, and tracking of tar- tion will never
Visual Aids, geta in Window and ba reliahly ace
Non=ccherent olutter, curete,
systens)

Speciel Recompendations

The receiver should have linear dynamic range characteristics so
that there exists less than s 10% change in pulse amplitude when CW
jamming 18 applied from serv level tc a J1/S ratic of aoprroximately
80 db, In combination with & single control of tuning of the %Lrane-
mitter cnd receiver r-f head, the atove requirsmente can he met with
a receiver having back-bias applied to the IF stages, a dicde
(1inear) deteotor, video filters and an echc reotifier, At leaet, sn
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1. Red, lab, Navy Liaison Office Secr. Ltr, F42-5, 867-5, Ser,
0078/J, dated 2 July 1944 te BuShips, Code 920-D1, "High Pass
Filter with Eche Rectification”,

2, MRL gecr. ltr, report S-S67-5/RCM(399F1JAW), Ser. No.. 5426, to
BuOrd., Reif, "Radar - Pire Contrcl-Interim Report on o
8=578R-3, 'Adaptation of the Type CAOS=50AEY IF to Video Con-
verter to the Radar Nk 12'%,

3. MRL Report RA 3A 217A dated 30 Oot 1944, "Study of Vulnerability
of Radars Mk 3 and Nk 4 to Enemy Electronic Countermeasuree®,

4. MRL oonf, ltr C=867-5/RCM(398:1SWF) to BuOrd,, Code Redf, Broblem
0=73T-C "Type CAOS~S0AEY IF te Video Converter, Operational
and Syatens Tests", dated 26 Aug 1944.

’. cwm m’f x’“ls.
6, COMNAVEU REFORT X-5151 snd references under Item IV and VI, -

[ ]
7. RRL Report 411-TN-87, "A-J :ractioce for Fire Control Radar
Syswiag", dated 23 March 1944,

Most fire control radar systems employ two or more of the following
typas &9 covbiaetion: "AT-goan, for reange; "K" or blanked-"K", for ’
aagles ¥u" zeen {targe® spot), for angle; "B" or “E® gcan for range and
an angle; "J" scun for range, anu various meter indicators. Investie
aation has showmn thet trpas of inilcatiorn for normal usege may be of
1ittle use under jauming conditicns, "A" scan for ranze and blanked-"K*
for angle provide greater discrimination rgainst electronic jemeing and
Window (A goin of 3 db has been measured by replscing the overlapping
"K® presealiivion hiy the blanked "X* type.j; There is little cost for the
advantages gained by providing "A"™ scan and blanked-"K" in addition to
the intensity modulated and/or meter presentations., (See Item 6 for
detailed discusaicn.)

Autonstic Redar Systens

411 automatic systems are vulnerable tc jamming of any type whether
of enemy origin or of natural ocauses, Because automatic circuitry
cannot disoriminate between desired and undesired signals appearing in
the gates, complstely sucocessful A-J devices prior to ths automatic com=
ponents are equired, However, because most A-J devices require mamml
manipulation, it is necessary that automatic radar systems be pro-
vided with switches to allow manual control under jamming conditions,
The use of the more reliable and nearly automatic A-J devices ocan reduce
the number of manual controls, MNost A-J controls should consist of
switches only (an exception in the case of transmitter tuning), and
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should require no "on-the-spot” adjustments to secure operation, Es-
sentislly all of the A-J devices described in sections I through IV are
applicable to automatic systens because of the necessity of mamal
eperation under jJamming conditions. An additional requirement is that,
in normel operation, target acquisition and smooth automatic tracking
be accomplished in less than 5 seconds after release of the siew control,
Anti-jamming cirouits must either not interfere with the normal opera-
tion of the equipment or must be so controllable that they do not intere-
fere with this requirement,

Rafersnces

1., MRL Report RA 3A 218A, "Automatic Angle Circuits for X-Band Radar®,
dated 1 Dee 1944, by J. B, Trevor, Jr, and It, (§g) J. J. Myers,
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